
MIEMORANIDUM

INTERMOUNTAIN POWER SERVICE CORPORATION

TO:

FROM:

DATE:

SUBJECT:

George W. Cross

D~nnis K,

February 22, 2007

Propoaed S~nJbbe~ Rea~ion Tank Forced Oxidation - Oefoamer Test

Please sign tmlow indicating your a~oprov~l to conduct the proposed test oullined ~n this memo.
The Fopo~ed ta~t wil! study the effec~ if arty, olr oveKIosk~g the ma~tion lanks with defOa~ler
on Ihe forced o~:~ation gypsum ~eectlor=. This test should not affect removal or compliance.

The test will begin with lab per~ormel I~king slurry samples from all eight operating
scrubber module reaction tanks. These samples ~ill be ixoc~ssed using
Iharmogravimetric a~atysis to determine the gypsum purity,

Four modules ~11 be sela~ed from Ibis ix=ol to be used in this study. The two reaction
lanks with the highest gypsum purity will be plac~l in "Ca~RA." The two modules
with the i(~vest gypsum purity will be

At. Ihe sarll~ time that lab personnel takes these samples, other kfformation wi|l be
collecl~d es p~ the atlached data sheet labeled "Lab Data," This information will t~
Golle~d at lh~ beginnb~g of ~=ach shift during ~ testing period. The lab will also
samples at the beginning of each shift and analyze or~ of the samples per day. "l’ba
other sample will be ~ for analysis at ~ later tirrm if ne~i~d~l~d to validate trends.
On the ~,c~eduled start day, I&C will dean and calibrate the pH probes ~ the fo~
de~lnated modules.

Operal~ons should maim ev~y effort k~ keep oondilions consent on these modules
during Ibis I~t. This includes:

Oxidation air flows kel~ constant, Do not swap blowers or d’=ange the balance of
air flows, Keep o~:~lion a~ fk~s to Ihe test modules balanced at 17.00 ~; 100
SCFM.
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~ amount of d~fo~rne~ addad by band ~urlng the test periad
The amount of deloamer added by hand shoukl be mini,’niz~l. Add ~0 mor~
than 1t2 gatlon at a ~ime. If possible, wait t5 min~e= belween dosing to ensure
that more is actually neBdad

The tw~ ~_.actJon tanks with the highest OYPsum I~ri[’y will be fed defoamer at the
kigh~st rates possibre u~ing the metering pumps. Both stroke and speed should be
turned up to the highest setting.

The test wlrl le~’ninate after throe days if oxidat~ does not change by more than
pe~ent ~r after or~

Operatio~t~ ~h~ld n-~ke e~ry eff~ to ke~ ~w=d~io~ c=m~nt =~ th~ modules
dung thi~ te~ This includes:

O~d~tion air flows kept ¢on=t=~, Do nol swap I~ow~,~ or Gha nge the balan¢~ o!
airflows, Y,~eep oxldalion airflows to the test moclul~ balancad ~t
SCFM.

Any amount of defoamer added by hand during the teal: period ~dd be Ingg~L
The amunt of ddoartt~ added by ha~l should be minimlz~. Add fro mo~e
tha~n !~ gallon at a time. I1’ possible, wait 15 mirvJ~ be~en do~]no to ensure
that more t� actually needed.

Keep pH constant.

The two reaction tanks ~h the lowest gyl~um pudt-y should only have dafoamm added
manually and then only ~ it is =ab~olu~iy r~uired.

~ Ihe l’omed oxidation i~ begin to improve, wait until, the gypsum purily reaches 90
percent nr higher. OrlC~ this is aP..,h~ed, teed dsfoamer at the highest rai~ po~ible
using lt~ metering pur~s, Both stroke and ~ sbou~d be turned up to the highest
setting,

Conlinu~ ibis course until gypsum purily dr~ps balow 713 ~ This ~11 c~ndud~ the
testing [or Category B.
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The test ~1 terminate at~ ~hree deys If oxklation do~.s nnt change by more than 113
percent or after one week=.

Any Quest~ons regsr~n~ this test plan may t~ diredad ta B~r~ Kent at extension 6447.

Pl’e~idertl 8~ Chief Operations Officer-

BKJDEW:j~j
J~n A. Finlir~on
Ci~dy Jones
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Unit 2

OPERATIONS DATA SHEET
Scrubber Det~lmer l"~tlng
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MEMORANDUM

I NTERMOU NTAIN POWER SERVICE CORPORATION

FROM:

DATE:

=SUBJECT:

May 15,

Resul~ frem the Effecl~ of De/oamer on ReadJon Tank Oxidation Purity Study

B~JJKH:|nnj

Cindy Jones
Norm Hess
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Effects of Anti-Foam use in Scrubber Reaction Tanks
on Gypsum Purity

Page: 1 of 8 Date: March 2007

Executive Summar~
Basecl on the results rrorn the MarCh 2007 study, Tee, hnlcal Sem(K=e= offers 1he following
guidelines fro" the use el’ deforms in scrubber rea¢tio, tanks. "rheas guidelines ~
intended to maximiz~ gypsum purlly (% oxidalion) in the ssml0~er slurry, ~]ch in turn
will Improve sludge de~at~ring otmmatlon~.

r~mocn~d appllealion ra~s provided below should enry be implsntsnted mCmn
and then be turned I:a~k off. Manual or batch desln; I= preferred. It is also

recommended that all dosing be k~gad and monitored.

All al~llcallon or defoarnmr in the scrubtx=r rea~’tlon tanks ~hould be mtnimizect and used
on~ when needed. Cagtror= shouk~ I:~ taken to rrmngm cumulative elf.ads of heavy
~ppicalion for def~amer in one (11 or more moo’ule~. It more than typical amounls am
being al:~ldim,:t, reo, uec~t asm!~m~:a from the lab to monll~r oxklatlon purity numbers.

Co~lnuou~ a~l~lon ~ 10 mL!mi~ coutd be mad in~.

ContJnuaus ¢dclltion of 20 mUmin should nUt be done for mote than =4x (8)
shifts.

Continuous ~ddition of 30 mUmin should not be done for mor~ than thma (3)

The purpose of this study ~as to ~erily the effects of GE tnfra~ructure Fom’nTrol
AF2290 anti-foaming agent on ~’ubber reaction tank gypsum purity (% =mJdelion).
Becau~m of the dynamic nature of the reactions t~ldng plat~ inside an absorber module,
~ t~ w’~ de~g.~ to rule out ff’m effects of chang~ in ~ vadable~. Gypsum
purily b cdtk~al in recludng ~ltng of the Scrubber modules and in elfeclkre dewatedng
Of lhe sludge in Sludge Conditioning.

Two (2~ groups were monikxed. Group A ~ of the tyro (2) module= wl~l ~
h~’mst gypsum purity at ~le start of Itm teat. Group B consisted M’ the two (2} modules
with the Iommst gypsum purity at the start of the test. These groups were manipjlat~l
by adjusting the feed rate of’the AF2~0 as follows.
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Effects of A.ti-Foam use in Scrubber Resct~on Tanks
on Gypsum Purity

Pha~e 2
Once gypsum pur,~ had been affected by a minimum o~ 10 pero~nt, 1he Ipro~s was
re~rs~d as follows: Once Group A reached; purity levels of 85 p~ or Ira, the
ds~:~zmer pumps were ~’,Aoff arid ~1! manual additions carefully mnr~md. Once b’ley
returned to a purity greater thzan 83 percent, the test ~or t~is group was terminated.

1’75

O~r..e Group B had reached purity levels greak~ than 93 I~r~rlL ils defoarrmr pumps
were turned on end fed the AF2290 at the rab of 10 mUmin 113.8 gallorlwday), If the 10
psrcent change could not be realized, lhe feed rate~ were increm~ntzd. "The porpose of
this exercise was to quardlly sn ~,cepfable cor~tant feed rate.

Test Results
Group A
As can be seen from the f~lowing oraphs the addttlorl of large quantities d AF22i)0
r~su~ted in a significant d~:~’ease of oxida’dan purity.

Note lhe rapid decrease In oxklati~n I~tly versus the time ~e~ired for m~e/. This
~g indica~s a buildu~ in ~i~ ~ ~2~0, ~ ti~ ~i~ for ~~ b
¯ ~a~ ~ the ~ver ~ ~ the rea~ ~nk.
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Effects of Ant|-Fo~m use in Scrubber Reaction Tanks
on Gypsum Purity

Pa~:

The graph for Unit 2F re[rdorc~s the suggestion that the oxldslion Furity is directly
correlated to the ~an~enlmtion of AF~9!). N~¢~ that tha purity 1B,~led off at 80
percent. Thi~ strongly sugge~ that the �oncerdration of defoamer is controlled or
maintained by Ihe addl’don rote as compared to the mac, tlon tank turnover rate.
Additionally, Ihe altaina~e oxidation p!~f.y is elirectry affected by Its levd of AF22’gO
concentration allowe¢. (~r~e the concen#alton IMI reaches a susl~inable e[~uil~rium,
~=s dlctate~ by the f~mk lumover ra~, oxJd~lon pu~ w~ll also belmce out,

l(X)

Gml=p B
This group ykdded Ihe rno~t It~m~ting re~ull~ and ixovl¢le= the most iniorm~dion ta
RIIow conc~usion~ ~at will provide operaAion guid~ine~ for lf~ ~ Of AF2290.

L~[e to no change w~s e~,~clerd in the oxldetion purity for an AFt0 a~[tl~ ~e ~ I0
mUmin tO Unit tD m~de, ~ ~ ~n r~ ~ i~d t~ 20 m~mln, e
dm~ ~ha~e in ~r~ ~ �l~fly ~isible. F~ this snapsh~ ~ app~ ~ un~r
~ o~ ~~ the d~¢ion poi~ ~ ~d~on ~ ~ ~ati~ ~ ~
~lon m~ ~ AF2~0 is ~n 10 s~ ~ mUmin.
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Effects of Anti-Foam .se in Scrubber Reaction Tanks
on G~psum Purity

Dt~t~: March 2007’

5~

R

g~

Per the ~n~,luslon mede from the pre~aus graph (Unl~ ’[D), U~it 2E should h~ve seen
similar results for AF2290 feed retes of 20 mlJmin. Instead, for a peltod of needy a

~a~le I~ ~rlty, but g~n it appears to level out again, Only af!~r the f~d rate is
inCreased to 30 mUr~l~ does ~he t~end finally move as expected.

~ r~aull~ of ~i~ gral:~ generate more questions t~=n ~n~wem. What happened on
March ~ to cause the sud~len oh~ in purity? V~ would this re.on tank tolerate
higher AF2290 addition ral~?

Effects _o.f O~!dall~ Air and
~<k~;tior~ pudgy c~n be ~ by many factor, Tim faclors that can be ~x)nltolled and
am conareti~y known to directly mnd,~r change are:

1. Slur~ pH

3. Concentration of AFZ2gO
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Effects of Anti.Foam usa in Scrubber Reaction Tanks
on Gypsum Purib,,

Pafte: 50~ 8 Da’!li: March 2IX17

Fa~om where c, ontrol is limtktd o~ tl~t are ~renlllt ~ed:

A, Tank Heililht&iquid Le~BI

B. O~ddat~on Ai( bubble slze/dlstribution

The followii~g graptlli ~11 demonstrale !1~ erie� of irons 1 and 2 from abo~e and
alismpt Io ~litiltmr ltle queilllons rililted by lhe re~lis from Unit 2E.

Notl~ that l#l~ile fe~llnft 10 mlJmin of AF22110, the oxiclatio~ air flow wa~ re¢l~ by 1
pm~ent w’dh Iltlle or no effect on the purity. Thb is rnor= =n indication that
oxidation air is berng provided, th=n anything else. But, ~t does show l~at the exce~
being Wovid~l makes the mii!Ition ~ sus(~plible to negilivo Impacts ~ a r~ of
changes iln air ttow. This ~ a~ura,= that d’~anges in ak’ flow durir~ ths couma
of the ~st Inad rmg~igible effect on ~ ot~s~nmrf results.

March 26, n 0. I pH. point differar~e between the lab pH and the tank meter pH was
r, otsd. t&C Ted~icians deartsd and ~allbmte~t the probe wttich ~ed more accurate
o0rdrol ~f the reaction tank pH. As ~n be seen below, even after Increasing ItB
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Effects of Anti-Foam use in  rubber Reaction .Tanks
on Gyl um Purity

Page: March 2007

AF2290 flow rate to 20 mL/min (but pd= to the probe c~libratlon) Ihe PU~’3t remained
unaffe~ed. This appears to be the raault of having a signi~cantly lower slull~, pH than
the des~d ¢~x~tml fargO. Th~ low pH resulted in ~nh~os~t oxidation pur’4y (lower pH
equates to baiter oxidation purity)which offset the negative irnpa~t of the increased
d~foarner addition. Once the ca~ibratio~ occurred there is an obvious �lecmase in purity.
Afl~r this adjustment, the I~lrlty st~tbit[z~l and d~l not roach ths goal d ~ 10 percent
change, 4o the fe~d ram w~s in(~mased to 30

Conclue4ons
The~ results 8how a dire,~t (~orrel~l/orl ~ ~ a~u~ ~ ~~r ~ ~ ~
~~ m~ul# and ~’s ~ndl~ ~m ~ ~b. WhIB ~ is ~ the o~
~s va~a~ ~ e~ ~m ~y ~ can ~ m~e~ ~. Thb ~s s~y a
~[o~ ~ ~~ tim in the m~n ~ks. A ~[ b~ ~ the ~qu~ ~lan~ # a
m~ l~k ~ifi~ 1~ (4) ~n in~s. M~ E]imin~or Wash Wa~(, ~¢o~md
W~r, L~ne ~, ~d the A~. The 2 main ~ ~ ~~ ~

The following n~ull= am adaplad from the ~tarJ~ed teahni~l Icier dalad May t, 2007
from Norm Hess (GE fnfrastructum}, who is the ~uppllor of the AF22g0. The
¢a~Jlations hav~ been modified to account for the aclu~l volume oflhe reaction tank
al’~l dansil~ of the sluny (sea the altached Msthcad work~aet).

I~f~nd~g on the biov, dovm rat~ of a ma~dlon tank all constant feed adddions of
AF229Q ~ll ~~ a~hle,~e art eq¢libdum alma where f~e ~mn~entralion w~| lev=l
off,

Addition Rate [mL/mln] 10    20    30    50

F..quilil~m (PP_M] 25.4 50.6 76.2 1Z7.0

75

190,5

100

The an~ount of I~me it takes to math this equilibrium IX~ nt is a ~latural log function. Ths
following graph will i~lustmte this. This ~lm~h assumes constant ovedlow of 100 gpm.
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Effects of Ant~-Foam use in Scr,,bbar Reaction Tanks
on Gypsum Purity

Page: 1 ~ 8 Oa~: March 2~7

As an eXaml:fle, if Ille AF2290 is being’ add~KI at I 0 nnlJmin it w~li lake approximately 23
days le rea~:h 100 pament equilibrium (25,4 pprn), or4.5 day~ to reach 75 !~rcent of
~uitibriurn.

Conwrsely, if a quantifiable ~n~P_nlretion is present in ¯ given reaction tan~’,, at 100
gpm of ovedlow, it win tal~ 23 days to reduce it by 50 pert~N_

In addition, it is possible to calculate how !=~’~g it will-take J~tore saturaliort (or the point
at which oxidation pur~, is jeepaKlized) is achieved, The following graph assumes that
it Is ;; single point ~a~e~!ion. Meaning Ihst It does not gradually or linearly effect Purity,
ralher it aprl=ears to rib a ¢ist]n(,’t point sc, mmNIlere I~etween 1D ant:! ;t-fJ mL/min am
Purily is Compromised. The dala Ixesent up to this point would =ppear to support this

6irrce an e~ct nu~ has n~ been quanlirted, a valu~ of ~ pl0m (tlte equilibrium
cor~.,en’o’etion point not quite halfway between 10and 20 mL/min) is used to r~prmmnt a
possible deflection point,

This chart correlates ni(~dy wIth Ihe data co!lec’~d during the test, At highs( feed fates,
¢h~es’,~ere noted w~hin 24 hours. Ten (10) mUmin did rrot show’any eff~:t nnthe
purity, but once Increased to 20 or 30 ~L/mln It took less than 24 hour’s to deflect (the
added 15 to 20 ppm needed to reimh 35 ppm in less than 24 houm correlates to 20 and
30 mL.imin r~spectJvely).

Re~ommendatiorm
"L~he recommended appLqcation rates provided betow should on~ be Irnplementecl
r~eded and then ~e turned be©k off. Manuaf o== bet~ do~ing is p~efe~ed,

Adding detoamer should not bec~n’te ¯ rnechani(~l~l part of equipment rounds.
Operators should ~ the need t~ add defoamer.

Any hand or batch ~l~Jrl~ should be dotal u~l"lg qU;]l~it~s !~ ~ (t) qlj~ln or
less. Not to ex~ed lout (~) gallons ourrrulat2v~ in ,~ 24 hour period. This
should be logged and monitored.

Continuous additlo~ of 10 mlJmin. Could be ue~dl Irldefinitet~,. Rates should be
verified pariodically, Be aware that manual add~on on top of the 10 mI.Jmin
continuous, could c=auee pud~ to drop off.
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Effects of Anti-Foam u~e in Scrubber Reaction Tanks
on Gypsum Purity

Page: B of 8 Date: March 2007

Continuous ia$~itlort of 2!) mlJmin. No[ recommended that this be done for more
than six (~) shifts. This shmJId be logged and monitored to make sum it gets
turrmd ba~k off.

Cont~uous addition of 30 mUmin. IVot rec~nvne~ed th=~t thle be done for more
than tltree (3} sbl~. This should be togged and mooitored to make sure it gets
tuned ~ off, It b t~ot recommended that. contJrluous feed be pen’offned at
mt~s gr~d~ tl~n :~ mUrnin,

These recommendations apply ~p~ir=~=ll~ ~ the AF2290 procluct. Condusiom should
ncA be applied k) other defoamer prockK~,

Additic~tliir~ ~ recon~rnencf~ionz are focused on oxid~on purity. While t~e key
f’a~r in ~z~g i~= ixzrt.ide aize (oxidation pzJ-ity), it due~ not directly guarantee
sucx;ea~u~ de’~aledng. ~ wilhout good oxidation purity numbe~, exiMing technique~

Plans ~nd Goals
Tec!~nic~! ~,ervicee is w~3ng ~ GE I~r~um in ~r ~ ~e ¯ m~ ~

The senti-auton-~tic system will rely on an Operator pushing a bu’~n on a k~cal panel
begin a batch feed into s given module. The I~mP will 1hen mele, r ou~ a predetem~med
quant;ty of AF22g0 and shut off, This eystm’n will utilize piasti~ tubing skniler to the
existing temporary system, ~out will elminate the 30D gallon l=irm and ~e unreliable
metedng pumps,

TI~ aurorae’tic ~y,~ee~m ~iil be triggered off ~f foam level t’n the tank= and wig only meter
the quantity reClUk’ed to keep loam from reeK~h[rig me roof of the maclion tank.
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AF2290 Co.ce.tration i. Scrubber Reaction Tanks

8cmbb~" Mm:~Jle
Volume 47~,,339

4.12.

T~nk Height (~

Tank ¥olu~e

V~I~nt. = 10.nJ°
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P~tl" ’." Pw~’~;Gal"
IhPig = 11,2,4g -- l~nslly of

Ib

.’vtr.nnk: = ~.IEB~ I0~]~ Volume

M&~ := V6~K1.P1:x:l Flow ~ ,Dr’ Overfl~v

C1.1.-"
~lulllbrlum

GOn~Pllmlmn ~m ~ V~l~t+

pCl’~nnL :=
100 ~ V~K

tL~) :-- ~a(~ -~
~,10~- p/I y’dOlbd
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GE Infrastructure
Water & Process l-echno ogies

Address:
[~:

C3~.~ No,
Repot, red To: l]r~t Kent

Dean Weed

U~ Smith

Question: What is the best wry to ceatrol Awtzg~ feed rate to eenn’~ reaming, line ne~ ~l~rsely atl~et
o:fJldation?

I sug~st ~ ~ L~l~a~ fg~l mtc of AP2290 and re~tte it t~ sc~-ub]~x module bk3wdown,

Vuhtme - ,Each, .~rub~r Moo’ale has a volnmo
~ .- The blowdow~ fi’om ttte Mod~ks, ~s ~j~ ~t an ~tverase of t0O 8jm~ --) l_2 MM~day

S=’mblxw Module

3.34

,%~-ubber Blowdown
tO0 g;~m

AFt2,90 Feed. rate
to ml/mizt = 31.8 #Ida2,
20 ~l/rnl. - 63Ji ~day
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AF2390 Fccd l~e (lOl) ~ Mowdown) ]0 ml/~in -) 2~,5 ppm
20 mJ/min -.) 53,0 ppm

Omestion: is tbe blnwAowx ~ from tee moduk ¢ons~mti~r Jl~ ~pw, or v~riable?

~Wr cam use fli~t h~0nnafioa to acct~tely ~1~] ~ ’critic~l ~xml~] ~d~m[: of AF22,gO. If blc~vdown i.~ ~
~eonatanL, we�an b~ �ontrol (m a spc~LI]� number, say 11~ gpm. Ifit{s vm’~b[~, till WouM be important

Quem~m: Whal~Js the dilneiou Jhetor ~or the ~mmeofthe Module?

you 4id not add 4m2,morc AF2290, timt 12,5 ppm you would be reduced b.~ 75% m" 3.1 ppm i~ ~

inllOO/2~] = 1. 4 -> 75%
l~[ 100/:~0] -- In 2 ~ 50%

Conversely0 if you feed AF2290 at 10 ml/min, w~ich at 10O gpm bl~rL, t.� 26.5 Pt~., in .~.~ detys ~,u will
ree~ 75% oftl~t fccd z~ne -) 26,S l~fm~x,75= 19.9 ppm.

:Lead La- Factor 1"75% of baso’t -~ 3,85 d~Qrs

Based oa 1 O0 ~ biowdcm’n fi’om a 44]0,000 j~al modul~ you have a 3,85 day Lead Lag Factor,
som~iu~ w~ h=~ nil ob~m’v~l and ~muld ~. W~jmt ~©v~’r d~ aa acto~ t.imcTzamc to it.

iBrett, ~ ere the c~lafio~ wo dJ.~gss~l, 11"~3po ~i~ is helpful
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Effects of Anti-Foam use in
Scrubber Reaction Tanks on

Gypsum Purity

D. Bret Kent, PE
bret-k@ipsc.com
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Effects of Anti-Foam use in Scrubber
Reaction Tanks on Gypsum Purity

Date: March 2007

Executive Summary
Based on the results from the March 2007 study, Technical Services offers the following
guidelines for the use of defoamer in scrubber reaction tanks. These guidelines are
intended to maximize gypsum purity (% oxidation) in the scrubber slurry, which in turn
will improve sludge dewatering operations.

The recommended application rates provided below should only be implemented when
needed and then be turned back off. Manual or batch dosing is preferred. It is also
recommended that all dosing be logged and monitored.

All application of defoamer in the scrubber reaction tanks should be minimized and used
only when needed. Caution should be taken to monitor cumulative effects of heavy
application for defoamer in one (1) or more modules. If more than typical amounts are
being applied, request assistance from the lab to monitor oxidation purity numbers.

Hand/batch feed using quantities less than one (1) quart, do not exceed four (4)
gallons/24hrs.

B. Continuous addition of 10 mL/min could be used indefinitely.

Continuous addition of 20 mL/min should not be done for more than six (6)
shifts.

Do Continuous addition of 30 mL/min should not be done for more than three (3)
shifts.

Test Overview
The purpose of this study was to verify the effects of GE Infrastructure FoamTrol
AF2290 anti-foaming agent on scrubber reaction tank gypsum purity (% oxidation).
Because of the dynamic nature of the reactions taking place inside an absorber module,
the test was designed to rule out the effects of changes in process variables. Gypsum
purity is critical in reducing scaling of the Scrubber modules and in effective dewatering
of the sludge in Sludge Conditioning.

Two (2) groups were monitored. Group A consisted of the two (2) modules with the
highest gypsum purity at the start of the test. Group B consisted of the two (2) modules
with the lowest gypsum purity at the start of the test. These groups were manipulated
by adjusting the feed rate of the AF2290 as follows.

Phase 1
To begin the test, Group A (Unit 1 A and Unit 2 F modules) was fed excessive amounts
of defoamer at the rate of 125-160 mL/min (48-60 gallons/day). Group B (Unit 1 D and
Unit 2 E modules) had defoamer pumps shutoff and all manual additions were carefully
monitored.
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Effects of Anti-Foam use in Scrubber
Reaction Tanks on Gypsum Purity

Date: March 2007

Phase 2
Once gypsum purity had been affected by a minimum of 10 percent, the process was
reversed as follows: Once Group A reached purity levels of 85 percent or less, the
defoamer pumps were shutoff and all manual additions carefully monitored. Once they
returned to a purity greater than 93 percent, the test for this group was terminated.

Once Group B had reached purity levels greater than 93 percent, its defoamer pumps
were turned on and fed the AF2290 at the rate of 10 mL/min (3.8 gallons/day). If the 10
percent change could not be realized, the feed rates were incremented. The purpose of
this exercise was to quantify an acceptable constant feed rate.

Test Results
Group A
As can be seen from the following graphs the addition of large quantities of AF2290

Effect of Defoamer on Oxidation Unit 1 A

125

100

75

5O

25

2,~28 3/1 3!2 3/3 3/4 3/5 3f6 3/7 3/8 3/9 3/10 3/11 3112
Date

[--~- Defoarner Pump -~- % Punt~ I

resulted in a significant decrease of oxidation purity.
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Effects of Anti-Foam use in Scrubber
Reaction Tanks on Gypsum Purity

Date: March 2007

Note the rapid decrease in oxidation purity versus the time required for recovery. This
lag indicates a buildup in concentration of AF2290. The time required for recovery is
dictated by the turnover rate of the reaction tank.

Effect of Defoamer on Oxidation Unit 2 F
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The graph for Unit 2F reinforces the suggestion that the oxidation purity is directly
correlated to the concentration of AF2290. Notice that the purity leveled off at 80
percent. This strongly suggests that the concentration of defoamer is controlled or
maintained by the addition rate as compared to the reaction tank turnover rate.
Additionally, the attainable oxidation purity is directly affected by the level of AF2290
concentration allowed. Once the concentration level reaches a sustainable equilibrium,
as dictated by the tank turnover rate, oxidation purity will also balance out.
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Group B
This group yielded the most interesting results and provides the most information to
allow conclusions that wL#f~;p~f&£1~r~x.g~pnl~rt{fts~f~r the use of AF2290.
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Little to no change was evident in the oxidation purity for an AF2290 addition rate of 10
mL/min to Unit 1D module. Once the addition rate was increased to 20 mL/min, a
dramatic change in purity is clearly visible. From this snapshot it appears that under
typical operating conditions the deflection point for oxidation purity in relation to the
addition rate of AF2290 is between 10 and 20 mL/min.
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Effect of Defoamer on Oxidation Unit 2 E
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Per the conclusion made from the previous graph (Unit 1D), Unit 2E should have seen
similar results for AF2290 feed rates of 20 mL/min. Instead, for a period of nearly a
week, oxidation purity cycles up and down. Finally, on March 26 there is a marked
change in purity, but then it appears to level out again. Only after the feed rate is
increased to 30 mL/min does the trend finally move as expected.

The results of this graph generate more questions than answers. What happened on
March 26 to cause the sudden shift in purity? Why would this reaction tank tolerate a
higher AF2290 addition rate?

Effects of Oxidation Air and pH
Oxidation purity can be affected by many factors. The factors that can be controlled and
are concretely known to directly render change are:

1. Slurry pH

2. Oxidation Air flows

3. Concentration of AF2290
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Factors where control is limited or that are currently fixed:

A. Tank Height/Liquid Level

B. Oxidation Air bubble size/distribution

Effect of Defoamer vs Oxidizing Air - Unit 1 D
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The following graphs will demonstrate the effect of items 1 and 2 from above and
attempt to answer the questions raised by the results from Unit 2E.

Notice that while feeding 10 mL/min of AF2290, the oxidation air flow was reduced by 15
percent with little or no effect on the purity. This is more an indication that excess
oxidation air is being provided, than anything else. But, it does show that the excess air
being provided makes the reaction less susceptible to negative impacts as a result of
changes in air flow. This provides assurance that changes in air flow during the course
of the test had negligible effect on the observed results.
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On March 26, a 0.1 pH point difference between the lab pH and the tank meter pH was
noted. I&C Technicians cleaned and calibrated the probe which provided more accurate
control of the reaction tank pH. As can be seen below, even after increasing the
AF2290 flow rate to 20 mL/min (but prior to the probe calibration) the purity remained
unaffected. This appears to be the result of having a significantly lower slurry pH than
the desired control target. This low pH resulted in enhanced oxidation purity (lower pH
equates to better oxidation purity) which offset the negative impact of the increased
defoamer addition. Once the calibration occurred there is an obvious decrease in purity.
After this adjustment, the purity stabilized and did not reach the goal of a 10 percent
change, so the feed rate w~fi~ceellai~Intar ~{)~tLlht~i~.
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At this point the question still remained, ’why would the defoamer have a greater effect
on Unit 1D when compared to Unit 2E?’ While it appears that pH had significant impact,
the complete answer to this question appears to be outside of the scope of this study.
Since all operational data, for these two modules, was similar during the test the answer
would seem to lie somewhere in the factors that are harder to control. Because existing
level sensors cannot distinguish between foam and liquid level, it is impossible to
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Percent Increase/Reduction in Defoamer Concentration

100

9o

8o

7o

6o

5o

4O

3O

20

10

0
0 2 10 12 14

Time [days]
16 18     20     22     24

determine if Unit 1D ran a lower liquid level than Unit 2E. It is more likely that
distribution nozzles have failed or plugged in Unit 1D, resulting in weaker oxidation
kinetics.

Conclusions
The results show a direct correlation between the amount of defoamer added to each
scrubber module and it’s corresponding gypsum purity levels. While it is not the only
process variable that affects gypsum purity it can directly manipulate it. This is simply a
question of residence time in the reaction tanks. A careful look at the liquid balance of a
reaction tank identifies four (4) main inputs. Mist Eliminator Wash Water, Recovered
Water, Limestone Slurry, and the AF2290. The 2 main outputs are evaporation and
overflow.

It is apparent that there is an acceptable level of defoamer addition with regards to
gypsum purity. If the level of defoamer addition exceeds an allowable concentration, the
only alternatives are to reduce the defoamer feed rate or increase the volume of one or
all of the inputs.

The following results are adapted from the attached technical letter dated May 1,2007
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Defoamer Saturation
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from Norm Hess (GE Infrastructure), who is the supplier of the AF2290. The
calculations have been modified to account for the actual volume of the reaction tank
and density of the slurry (see the attached Mathcad worksheet).

Depending on the blowdown rate of a reaction tank all constant feed additions of
AF2290 will eventually achieve an equilibrium state where the concentration will level
off.

Addition Rate [mL/min]    10 20 30 50

Equilibrium [PPM] 25.4 50.8 76.2 127.0

75

190.5

100

254.0

150

381.0

The amount of time it takes to reach this equilibrium point is a natural log function. The
following graph will illustrate this. This graph assumes constant overflow of 100 gpm.
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As an example, if the AF2290 is being added at 10 mL/min it will take approximately 23
days to reach 100 percent equilibrium (25.4 ppm), or 4.5 days to reach 75 percent of
equilibrium.

Conversely, if a quantifiable concentration is present in a given reaction tank, at 100
gpm of overflow, it will take 2.3 days to reduce it by 50 percent.

In addition, it is possible to calculate how long it will take before saturation (or the point
at which oxidation purity is jeopardized) is achieved. The following graph assumes that
it is a single point deflection. Meaning that it does not gradually or linearly affect purity,
rather it appears to be a distinct point somewhere between 10 and 20 mL/min where
purity is compromised. The data present up to this point would appear to support this
idea.

Since an exact number has not been quantified, a value of 35 ppm (the equilibrium
concentration point not quite half way between 10 and 20 mL/min) is used to represent a
possible deflection point.

This chart correlates nicely with the data collected during the test. At higher feed rates,
changes were noted within 24 hours. Addition rates of 10 mL/min did not show any
effect on the purity, but once increased to 20 or 30 mL/min it took less than 24 hours to
deflect (the added 15 to 20 ppm needed to reach 35 ppm in less than 24 hours
correlates to 20 and 30 mL/min respectively).

Recommendations
The recommended application rates provided below should only be implemented when
needed and then be turned back off. Manual or batch dosing is preferred.

All application of AF2290 in the scrubber reaction tanks should be minimized and used
only when needed. Caution should be taken to monitor cumulative effects for heavy
application of defoamer in one (1) or more modules. If more than typical amounts are
being applied, request assistance from the lab to monitor oxidation purity numbers.
If the operational situation requires heavy dosing, it should be offset by increasing the
other module inputs by an appropriate amount. This proportion requires an approximate
75 gpm increase in reaction tank overflow per every 10 mL/min above and beyond the
indicated defoamer rate given in this report.
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Adding defoamer should not become a routine part of equipment rounds. Operators
should verify the need to add defoamer.

Ao Any hand or batch feeding should be done using quantities of one (1) quart or
less. Not to exceed four (4) gallons cumulative in a 24 hour period. This
should be logged and monitored.

B° Continuous addition of 10 mL/min. Could be used indefinitely. Rates should be
verified periodically. Be aware that manual addition on top of the 10 mL/min
continuous could cause purity to drop off.

C° Continuous addition of 20 mL/min. Not recommended that this be done for more
than six (6) shifts. This should be logged and monitored to make sure it gets
turned back off.

Continuous addition of 30 mL/min. Not recommended that this be done for more
than three (3) shifts. This should be logged and monitored to make sure it gets
turned back off. It is not recommended that continuous feed be performed at
rates greater than 30 mL/min.

These recommendations apply specifically to the AF2290 product. Conclusions should
not be applied to other defoamer products.

Additionally these recommendations are focused on oxidation purity. While the key
factor in dewatering is particle size (oxidation purity), it does not directly guarantee
successful dewatering. But without good oxidation purity numbers, existing techniques
and equipment do not stand a chance at providing effective dewatering.

Plans and Goals
Technical Services is working with GE Infrastructure in order to provide a more efficient
means of delivering defoamer to each scrubber reaction tank. This will be a semi-
automatic batch feed system, with intentions to make it fully automatic at the earliest
convenience. The first steps toward this system are already in motion as bulk tanks and
recirc pumps are currently (5-3-07) onsite with trial metering pumps in route.

The semi-automatic system will rely on an Operator pushing a button on a local panel to
begin a batch feed into a given module. The pump will then meter out a predetermined
quantity of AF2290 and shut off. This system will utilize plastic tubing similar to the
existing temporary system, but will eliminate the 300 gallon bins and the unreliable
metering pumps.

The automatic system will be triggered off of foam level in the tanks and will only meter
out the quantity required to keep foam from reaching the roof of the reaction tank.
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